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Compounds of formula (I) are disclosed wherein: Y is selected from carboxy, 
phosphono, -P02H(OR 13 ), phosphinico, -P02H(R 13 ), -OPO3H2, -OP02H(OR 13 ), arsono, 
-As02H(OR 13 ), arsinico, -As02H(R 13 ), sulpho, sulphino, sulpheno, OSQ3H, tetrazolyl, 
3-hydroxyisoxazole, l,2,4^xadiazohdin-3,5-<lione and hydantoin where R 13 is Ci to C6 
alkyl, C2 to C6 alkenyi, C2 to C6 alkynyl, C3 to Cs cycloalkylene or optionally substituted 
aryl or aralkyl; B is selected from Ci to Cs alkylene, C3 to Cs cycloalkylene, C2 to Cs 
alkenylene and C2 to Cs alkynylene optionally chain substituted and optionally substituted on the chain; Q is selected from carboxy, Ci to 
Ca alkoxycarbonyl and hydroxamic acid; R 10 is selected from Ci to Ce alkyl, C2 to Ce alkenyi, C2 to C* alkynyl, C3 to Cs cycloalkylene, 
haloalkyl and optionally substituted aryl, aralkyl or biaryl; and R 11 and R 12 are the same or 'different and are selected from hydrogen, 
Ci to C6 alkyl, C2 to C6 alkenyi, C2 to Ce alkynyl, Ci to C6 acyl and optionally substituted* benzoyl, two of Y, Q, R 10 , R", R 12 and 
the substituents on B being optionally condensed with each other to form a carbocyclic or heterocyclic ring system, and pharmaceutically 
acceptable salts thereof. The compounds may be used as agents to influence the central nervous system. 
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This invention relates to novel cx-subs ti tuted 
amino acids, their use as agents influencing the 
central nervous system (CNS), their preparation, their 
use as research tools and as pharmaceuticals, 
pharmaceutical compositions containing them and their 
use in the manufacture of medicaments for use in 
methods of treatment practised on the human or animal 
body . 

Various amino acids have recently become of 
interest following the discovery that they are able to 
infuence the activity of certain receptor sites in the 
CNS and attention had been directed to the 
identification of material that will have specific 
action in relation to these receptor sites with a view 
to identifying compounds that can be used to control 
various involuntary muscular activity and/or mental 
and/or affective and/or memory disorders resulting 
from central nervous malfunction, and/or to control 
the perception of the sensation of pain. 

We have found that certain <x-alkyl or <X-aryl 
substituted amino acids bearing a side chain 
containirg an < acidic functional group such as carbo::y 
or phosphono have actions at certain amino acid 
receptor sites in the central nervous system which are 
involved in the control of the transmission of nerve 
impulses in the brain and spinal cord, including those 
underlying memory processes and the perception of 
pain . 

Accordingly, the present invention provides 
compounds of the general formula I 
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wherein: Y is selected from carboxy, phosphono, 
-P0 2 H(OR 13 ), phosphinico, -po 2 H(R 13 ), -OP0 3 H 2 , -OPO2H 
(OR13), arsono. -As0 2 H(ORl3) # arsinico . -As0 2 H( R 13 ) , 
sulpho, sulphino, sulpheno . -OSO3H , tetrazolyl, 3- 
hydroxyisoxazole, 1 , 2 , 4-oxadiazolidin-3 , 5-dione and 
hydantoin where R*3 is Cl to C(> alkylf q 2 to C6 

5 alkenyl, C 2 to C 6 alkynyl, C 3 to C 8 cycloalkylene or 
optionally substituted aryl or aralkyl; 
B is selected from Ci to C 8 alkylene, C 3 to C 8 
cycloalkylene, C 2 to C 8 alkenylene and C 2 to C 8 
alkynylene optionally chain substituted and 
10 optionally substituted on the chain; 

Q is selected from carboxy, Cj to C 6 alkoxycarbonyl 
and hydroxamic acid; 

R 10 is selected from C x to C 6 alkyl, C 2 to C 6 alkenyl. 
C 2 to C 6 alkynyl, C 3 to C 8 cycloalkylene, haloalkyl 
15 (such as trifluoromethyl) and optionally substituted 
aryl, aralkyl or biaryl; and 

R 11 and R*2 are the sa(ne Qr different and are selected 
from hydrogen, C X to C 6 alkyl, C 2 to C 6 alkenyl, C 2 to 
C 6 alkynyl, C x to C 6 acyl and optionally substituted 
benzoyl, 

two of Y,Q, rIO, r 11 and R 12 and the su bstituents on B 
being optionally condensed with each other to form a 
carbocylic or heterocyclic ring system, and 
pharmaceutically acceptable salts thereof. 
25 Optional chain substituents in B include one 

or more of N-H, N-C^ to C 6 alkyl, N-C 2 to C 6 alkenyl., 
N-C 2 to C 6 alkynyl, N-Cx to C 6 acyl, S, SO, S0 2 , CO or 
O. Optional substituents on chain B and on the 
aromatic rings specified for Y r10,rH and R 12 include 
3Q one or more of C x to C 6 alkyl, C 2 to C 6 alkenyl, c 2 to 
C 6 alkynyl, halo, nitro, azido, hydroxy, cyano, 
ketoalkyl, ketoaryl, carboxy, alkoxycarbonyl, 
haloalkyl, sulpho, sulphoxide, sulphone. phosphono, 
tetrazolyl, te trazoly lalky 1 . haloalkenyl, aryl 
35 or heteroaryl optionally substituted on the aromatic 
ring or rings by one or more halo, nitro or hydroxy 
groups , 
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Ci to C 6 alkoxy, haloalkoxy, arylalkoxy and 
haloaralkoxy . 

Preferably B is C3 to Cs cycloalkylene or Ci 
to C 8 alkylene. Suitable cycloalkylene groups include 

1.2- cyclopropylene, 1,2- or 1, 3-cyclobutylene, 1,2- or 

1 . 3- cyclopentylene and 1,2-, 1,3- or 1,4- 
cyclohexy lene . 

Preferably, Y is carboxy, phosphono,- 
P0 2 H(OR 13 ), phosphinico , -P0 2 H ( R 13 ) , -OPO3H2 or 
-OP0 2 H(OR 13 ) and it has been found that compounds with 
particularly effective activity are those in which Y 
is phosphono,-P0 2 H(OR 13 ) , -OP0 2 H( OR 13 ) or -As0 2 H( OR 13 ) . 
For synthetic reasons, Q is preferably carboxy, R*0 is 
c l to C 6 alkyl or benzyl and rH and R*2 are both 
hydrogen . 

The generic terms "alkyl", "alkenyl" and 
"alkynyl" as used herein include both straight chain 
and branched-chain alkyl groups. However, reference 
to individual alkyl groups such as "propyl" are 
specific for the straight-chain version only and 
references to individual branched chain alkyl groups 
such as "isopropyl" are specific for the branched- 
chain version only. An analagous convention applies 
to other generic terms . 

The stereochemistry at asymmetric carbon atom 
C* in formula I may be in predominantly or 
substantially completely the (S) or (R) enantiomeric 
forms or may be a racemic mixture. 

It is to be generally understood that, insofar 
as certain of the compounds of the invention may exist 
in optically active or racemic forms by virtue of one 
or more substituents containing an asymmetric carbon 
atom, the invention includes any optically active or 
racemic form which may influence the activity of 
receptor sites in the CNS. 
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According to the present invention there is 
also provided the first pharmaceutical use of the 
compounds of formula I. 

There is also provided the use of the compounds 
of formula I in the manufacture of a medicament 
for the treatment of disorders of the central nervous 
system. 

Certain representatives of the compounds of the 
invention influence the CNS to enhance its electrical 
activity while others depress central nervous 
electrical activity. Substances of the invention 

which enhance the electrical activity of the CNS may 
directly activate or potentiate the activity of 
excitatory amino acid ( EAA ) receptors, particularly by 
interaction with one or more EAA receptors of the 
metabotropic type known as metabotropic glutamate 
receptors (mGluRs). Compounds which act at these 
receptors are useful as research tools for 
investigating mechanisms of central nervous function, 
and also, as an aid to the isolation and chemical 
characterization of excitatory amino acid receptors 
(for example, by incorporation into affinity 
25 chromatography support materials). These compounds 
may also be useful as therapeutic drugs to enhance 
electrical activity of the CNS in pathological 
conditions where such activity is depressed. other 
examples depress the electrical activity of the 
3Q central nervous system either by blocking post- 
synaptic EAA receptors or by activating presynaptic 
EAA receptors which mediate a reduction of synaptic 
excitatory activity. Substances of the application 
that block post-synaptic EAA receptors are useful as 
research tools for investigating central nervous 
mechanisms, and also as drugs for the treatment of 
disorders of the CNS due to hyperactivity of the CNS 



20 



35 



SUBSTITUTE SHEET (RULE 26) 



WO 95/15940 



PCT/GB94/02690 



- 5 - 



20 



(as in epilepsy and spasticity) and for the treatment 
of those neurodegenerative disorders of the CNS which 
5 are due to excessive activation of EAA receptors as is 
known to occur in ischaemic conditions such as those 
arising in stroke, heart failure, traumatic head or 
spinal injury, or which are due to ingestion of 
certain neurotoxic substances. Examples of 

1Q substances with this depressant activity include those 
which block the N-methyl-D-aspartate type (NMDA)-type 
of EAA receptor as well as those that have antagonist 
action at non-NMDA receptors such as <X-amino-3- 
hydroxy-5-methylisoxazole-4-propionic acid (AMPA) or 
kainate type. Examples of the compounds of the 
invention that depress central nervous activity by 
activating presynaptic metabotropic glutamate 
receptors are likewise useful as research tools for 
investigating mechanisms of CNS activity and as drugs 
for the treatment of disorders of the CNS which 
require a depression of the nervous system activity 
such as in epilepsy, spasticity and other conditions 
involving hyperactivity of the CNS in whole or in 
part. 

25 Tne stereochemistry of the asymmetric carbon 

atom denoted * in formula I is important to the 
activity observed. Antagonism of the activity of 
post-synaptic NMDA receptors is seen most often in 
substances in which the stereochemistry is 

3Q substantially completely of the R configuration. An 
agonist or antagonist action at metabotropic glutamate 
receptors of either a pre- or post-synaptic location 
is seen most often in compounds where the 
stereochemistry is of the S configuration. It is 

35 expected, however, that whether a substance is an 
agonist or antagonist at excitatory amino acid 
receptors will depend on several features of the 
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molecule simultaneously, as well as on the particular 
sub-type of excitatory amino acid receptor affected. 

The groups R 10 f R 11 , R 12 and any substituents 
in or on the chain B may be varied to alter the 
potency and/or the selectivity in the action of the 
substance at a particular type or sub-type of EAA 
receptor and also to affect the hydrophilic/lipophilic 
balance of the molecule in order to assist absorption 
from the gut and/or passage from the blood into the 
central nervous system. 

The substituents on chain B may be groups which 
have an electron-withdrawing influence on the group Y 
so as to increase the acidity of this group and so 
enhance the ability of the substance to bind to EAA 
receptors. Thus, the substituents may be 

independently halogen, nitro, azido, hydroxy, cyano, 
ketoalky 1 , ke toaryl , car boxy , alkoxy car bony 1 , 
haloalkyl , sulpho , sulphoxide , sulphone , phosphono , 
tetrazolyl , te trazolylalkyl , alkenyl , haloalkenyl , 
aryl, heteroaryl, haloaryl, nitroaryl, polynitroaryl , 
hydroxy ary 1 , poly hydroxy ary 1 , alkoxy , haloalkoxy , 
arylalkoxy or haloaralkoxy . 

It is Referred that B is fully saturated or 
has some degree of unsaturation. The compounds may be 
radiolabelled and unsaturation in the B chain is 
particularly useful for the introduction of 
radioisotopes into the compounds. 

For use as radioactive ligands for receptor 
binding and metabolic studies, radioactivity can be 
introduced as 125 I or another radioisotope of iodine 
in the B chain or the R 1( >, rH, and R*2 
groups, or (particularly) as tritium, by hydrogenation 
using tritium of precursor molecules bearing 
unsaturation in any of the substituent groups or of 
unsaturation within the B chain or in ring systems, by 
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displacement of groups able to be hydrogenolized by 
3 H, or displacement of *H in labile sites by ^H. 

It is envisaged that the substances will be 
useful also for the isolation of receptors from 
central nervous tissue, for example, by linking the 
molecules via a spacer molecular chain to an affinity 
chromatography support material of the sepharose or 
agarose type. In another embodiment, therefore, the 
invention provides the compounds bound to an affinity 
chromatography support, optionally via a spacer arm, 
for use in the isolation of receptors from central 
nervous tissue. This can be done by using one or 
more of the groups in the compounds as a reactive 
substituent for linking to the spacer arm, which would 
carry at its other end a group capable of reacting 
with sepharose, agarose. or like affinity 
chromatography support material. 

The spacer arm may be substantially as used 
conventionally in the art. for example, it may be an 
alkyl, aryl or alkylaralkyl chain of from one to eight 
carbon atoms in length. 

The compounds of the invention usually contain 
a centre of asymmetry. The compounds of the present 
invention include both RS mixtures, including racemic 
mixtures, and compounds in which the carbon atom 
bearing the BY, rIO, q and nr11r12 substituents 
is substantially completely in the R configuration or 
substantially completely in the S configuration. 

In another embodiment, the present invention 
provides a process for preparing a compound of 
formula I comprising the reaction of a compound of 
formula L-B-Y with a compound of formula r10_ A , 
wherein: 

L is a leaving group; 
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A is a synthetic equivalent of 0 C( NH2 ) ( COOH ) ; 
and 

B.Y and R 10 are as defined above 
in a suitable solvent for the reaction. 

Preferably, L is selected from halo, para - 
toluenesulphonyloxy , acetoxy. sulphate, 

methanesulphonyloxy and benzenesulphonyloxy . 

A is conveniently one of the following: 

A-^V* ° r < V°>- Fh - 



a 



COPh 

where R=Ci to C 6 alkyl or benzyl 
and R 10 -a is typically provided as the anion of 
metallic salt (such as a lithium, copper or lithium 
cuprate salt). In this way, the compounds of the 
invention may be formed stereoselectively as is well- 
known in the art by providing r!0_ a as a chiral 
auxilliary such as the following: 

X);""Ph 




COPh 



The reaction may be carried out in anhydrous 
tetrahydrofuran, optionally with other solvents or 
co-solvents . 

The adduct formed in the reaction of L-B-Y and 
R 10 -A is optionally purified where desired or 
necessary, for example, by silica gel chromatography 
and is converted to a compound of the invention 
(deprotected) by acid hydrolysis for example by 
stirring in IN trif luoroace t ic acid in 
tetrahydrofuran or acetonitrile, followed by heating 
under reflux in 6N aqueous hydrochloric acid, and 
purification, for example. by ion-exchange 
chromatography and then 
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crystallisation from an appropriate solvent. 

The invention also provides a process for 
preparing the compounds of the invention which 
comprises the reaction of a compound of formula (Y-B- 
)COR 10 with a compound of formula R 11 R 12 NH2 + X~ . 
wherein: 

X is an anion; and 

Y,B,RlO, R ll and R 12 are as defined above, 
in the presence of a cyanide salt (preferably sodium 
or potassium cyanide) in a suitable solvent for the 
reaction. The reaction may be the well-known Strecker 
Synthesis in which the solvent for the reaction is 
water /methanol or water/ammonia/methanol. x~ is the 
anion of a strong acid and the reaction is carried out 
15 at room temperature. Alternatively, the reaction may 
be the well-known Bucherer-Berg sythesis in which 
R^rISnhj+x- is ammonium carbonate and the reaction is 
carried out in the same solvents at 40 to 80° C. if 
necessary, under pressure. The reaction is followed 
where desired or necessary by purification, for 
example, by silica gel chromatography, deprotection, 
for example, in 6N aqueous hydrochloric acid, and 
purification for example. by ion-exchange 
chromatography and then crystallisation from an 
25 appropriate solvent. 

Compounds of general formula I in which the 
carbon atom bearing the substituents BY. R*0 and 
NRllRl2 is substantially completely in the R or 
substantially completely in the S configuration can be 
prepared from the corresponding RS mixtures by 
classical resolution procedures preferably involving 
fractional crystallization of the salt formed with 
either R or S lysine or R or S arginine where 
applicable, however, other methods may be employed. 
Chiral HPLC may. for example, be used to separate 
racemates particularly where the compounds contain 
more than one chiral centre. Chiral centres may be 
present in other parts of compounds of general formula 
I and it is envisaged 

SUBSTITUTE SHFFT ffW flF9fl> 



30 



35 



WO 95/15940 



PCT/GB94/02690 



- 10 - 



10 



15 



that classical resolution procedures would also be 
useful for separating the resultant diastereoisomers . 

Certain of the intermediates formed during the 
preparation of the compounds of formula I are novel, 
and are also provided. Those novel compounds include 
protected derivatives of the compounds of formula I. 

When the compounds of the invention contain 
both basic and acidic functions either or both of the 
basic or acidic functions can be prepared in the 
compounds of the invention in salt form. Thus, for 
formulation reasons, it is often desirable to prepare 
an amino acid carboxylic acid residue and/or other 
acid residues present in the molecule in the form of a 
physiologically acceptable water-soluble salt such as 
the sodium salt. Compounds of the invention can also 
be prepared in the form of salts of the basic amino 
group present in the molecule and here, salts of 
interest are physiologically acceptable acid addition 
salts, such as salts with hydrochloric acid, acetic 
acid, succinic acid, tartaric acid, or citric acid. 

In accordance with a further feature of the 
invention, we provide a pharmaceutical composition 
comprising a compound of formula I as defined above 
25 with a pharmaceutical^ acceptable 

diluent or carrier. 

The invention also provides a method for the 
treatment of a disorder of the central nervous system 
comprising the administration to a patient of the 
compounds or the compositions of the invention. 

Compounds of the invention act on the central 
nervous system and may be administered parenterally or 
orally, for example, intravenously for acute 
treatment, or subcutaneously or orally for chronic 
^ treatment. Compounds of the invention may be 
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formulated for clinical use in suitable vehicles, 
normally as a preparation of a water-soluble salt, 
though preparations of low water solubility, possibly 
in association with physiologically tolerable 
emulsifying agents, may be used for depot 
administration. 

Since it is believed to be necessary for 
compounds of the invention to penetrate the blood 
brain barrier, it is frequently necessary to 
administer the compounds of the present invention in 
amounts significantly in excess of the amounts 
necessary to be achieved within the brain for the 
therapeutic effect desired and this will influence the 
concentration of the active compounds in the 
composition of the present invention. Considerations 
of this type suggest that such a conventional dosage 
volume would provide the subject with up to about 200 
mg/kg body weight although, when the compounds are to 
be administered by the intravenous route, dosages in 
the region of about 1-20 mg/kg body weight are to be 
expected for the more active compounds and/or for 
those substances with a high lipophilic or hydrophilic 
balance. 

The compounds for use in the pharmaceutical 
compositions may be in the form of prodrugs, for 
example, so modified that they enter the body in a 
modified inactive form but are converted to their 
active form at or before a desired site of the body. 

More specifically, compounds of the invention 
have been found to stimulate or antagonize EAA 
receptors and to stimulate or depress spontaneous and 
evoked synaptic activity in the central nervous 
system. Amino acid receptors mediate or modulate 
synaptic excitation and inhibition of many synapses in 
the brain. The compounds of the present invention 
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can modify abnormal central nervous system activity 
involving amino acid receptors and consequently are of 
interest in providing beneficial intervention in cases 
where such abnormalities arise. 

The compounds of formula I have one or more of 
the following advantages. Most importantly, they are 
more potent and/or selective as either agonists or 
antagonists at metabotropic glutamate receptors than 
known compounds. Agonists at these receptors are 
known to facilitate synaptic plasticity mechanisms 
likely to be important in memory processes. Such 
compounds may be useful in cognitive enhancers. 
Antagonists at these receptors depress nociceptive 
responses and may then be useful as analgesics. 
Moreover, these substances constitute a group of 
compounds that are able to affect a greater variety of 
EAA receptors than known groups of compounds; they 
also have an improved lipophilic balance allowing for 
better absorbance at the blood/brain barrier, and they 
are more useful as research tools than known compounds 
of similar structure/function. 

In particular, the compounds of formula I may 
provide insights into the existence and role in 
0 central nervous function of metabotropic glutamate 
receptor sub-types, as defined using molecular 
biology. 
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Example 1 
Synthesis of 

( 2S, 1 • S , 2 ' S ) -2-Amino-2-( 2 • -carboxycycloprop-1 • - 
yl) propanoic acid 

Under a dry nitrogen atmosphere. 
( 2R, 5SR ) - ( - ) -2 , 5-dihydro-3 , 6-dimethoxy-2-isopropyl-5- 
methylpyrazine (1.5ml. 7.56mmol) was dissolved in THF 
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(10ml) and cooled to -78°C. a 2 . 5M solution of 
butyllithium in hexane (3.3ml.. 8.32mmol) was injected 
5 slowly in to the reaction mixture, it was left to stir 
at this temperature for 40min. Methyl 4-bromobut-2- 
enoate (0.9ml, 7.06mmol) dissolved in THF (10ml) was 
injected into the solution at -78»C, it was maintained 
at this temperature and stirred overnight. Next 
1Q day, the reaction mixture was allowed to warm up to 
room temperature. The solvent was removed in vacuo 
and the residue was partitioned between ether (100ml) 
and water (50ml), the aqueous layer was separated and 
was extracted with ether (2x50ml), the combined ether 
i5 extracts were evaporated under reduced pressure to 
give a yellow oil. The oil was stirred in 1M 
trifluoroacetic acid in te trahydrof uran (10ml) 
overnight. Next day the solvent was removed in vacuo 
and the residue was heated under reflux in 6M 
2Q hydrochloric acid (25ml) overnight. The organic 
impurities were removed by extraction with diethyl 
ether (2x50ml). The aqueous layer was evaporated 
under reduced pressure and the residue was applied to 
an AG50 H + ion exchange resin column. Elution began 
25 with water (500ml) followed by 7% pyridine solution 
(500ml). The pyridine solution was evaporated under 
reduced pressure to give a white solid. The solid 
was dissolved in the minimum amount of water and 
neutralised to pH7 with AG1 hydroxide resin. This 
3Q mixture was applied to an AG1 acetate ion exchange 
resin column. Elution began with water (500ml). 
followed by 0.01M, 0.02M, 0.03M, and 0.05M aqueous 
acetic acid . The ninhydrin positive fractions of 
the 0.05M acetic acid eluate were evaporated to 
35 dryness. The crude compound was then crystallised 
from water to give < 2S . 1 • S, 2 • S ) -2-Amino-2 -(2'- 
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carboxycycloprop- 1 • -yl )propanoic acid (0.507g, 38.7%) 
as a white solid. 

Example 2 

Synthesis of 

(2S) 2-amino-2-methylhexan-l, 6-dioic acid 



Under a dry nitrogen atmosphere, 
( 2R, 5SR) -( - ) -2 , 5-dihydro-3 , 6-dimethoxy-2-isopropyl-5- 
methylpyrazine (0.5ml, 2.5mmol) was dissolved in THF 
(10ml) and cooled to -78°C. A 2 . 5M solution of 
butyllithium in hexane ( 1 . 05ml , 2.62mmol) was injected 
slowly in to the reaction mixture, and stirred at this 
temperature for 40min. The reaction mixture was 
added dropwise via a double tip needle to a solution 
of copper bromide methylsulphide complex (0.26g, 
1.25mmol) in t e trahydrof uran (10ml) and 
dimethylsulphide (2ml) at -78 «C. The mixture was 
warmed to -30°C to - 40°C and stirred for 30 min. 4- 
Bromobutanenitrile (0.25ml, 2 . 5mmol ) in 

te trahydrof uran (5ml) was then added at -78 °C. The 
reaction mixture was allowed to stir overnight at 
2 _ -78 °C. Next day, the reaction was warmed to room 
temperature. The solvent was removed in vacuo and 
the residue partitioned between ether (2x100ml) and 
water (100ml). The combined ether layer was 
evaporated under reduced pressure to give a residue 
which was dissolved in 1M trif luoroacetic acid in 
tetrahydrofuran (10ml) and stirred overnight. Next 
day, the solvent was remove in vacuo, and the oily 
residue was heated under reflux in 6M hydrochloric 
acid for 24 hr. The reaction mixture was evaporated 
35 to dryness and the solid was put through an AG50 H + 
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ion exchange resin column. Elution began with water 
(500ml) followed by 7% pyridine solution (500ml). 
The pyridine solution was evaporated under reduced 
pressure to give an oil which was dissolved in the 
minimum amount of water and neutralised to pH7 with 
AG1 hydroxide resin. This mixture was placed on a 
AG1 acetate ion exchange resin column. Elution began 
with water (500ml), followed by 0.0 1M, 0.03M, 0.06M, 
and 0.1M aqueous acetic acid. Ninhydrin positive 

fractions of the 0 . 1M acetic acid eluate were 
evaporated to dryness. The crude compound was then 
crystallised from water to give 

2-amino-2-methylhexan-l, 6-dioic acid (67mg, 15.3%) as 
a white solid. 

Example 3 

Synthesis of 

( 2S ) -2-Amino-2-methy 1-4 -phosphonobutanoic acid 

Under a dr-y nitrogen atmosphere, 
( 2R, 5SR) - ( - ) -2 , 5-dihydro-3 , 6-dimethoxy-2-isopropyl-5- 
methylpyrazine (1.5 ml, 7.6 mmol) was dissolved in dry 
tetrahydrofuran (15 ml) and cooled to -78°C. A 2.5M 
hexane solution of butyllithium (3.2 ml, 7.9 mmol) was 
injected into the reaction mixture at -78°C and 
allowed to stir for 0.5h. The mixture was then added 
dropwise via a double tipped needle to a solution of 
copper bromide -methyl sulphide complex (0.78g, 3.8 
mmol) in dry tetrahydrofuran (15 ml) and dimethyl 
sulphide (3 ml) at -78°C. The solution was warmed to 
-40°C and stirred for 0.5h. Diethyl 2- 

bromoethylphosphonate (1.38 ml, 7.6 mmol) dissolved in 
tetrahydrofuran (8 ml) was injected into the reaction 
mixture at -78°C. The solution was allowed to stir 
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at -78°C for 15-16h at -78°C and then allowed to warm 



vacuo and the residue partitioned between water (100 
ml) and diethyl ether (100 ml } , the aqueous layer was 
then extracted with diethyl ether (2x50 ml) and the 
combined extract was dried (MgS04) and evaporated 
under reduced pressure. The residue was dissolved in 
a 1M solution of trif luoroacet ic acid in 
tetrahydrofuran (10ml) and stirred overnight. Next 
day, the solvent was removed to leave an oil which was 
heated under reflux in concentrated hydrobromic acid 
(50 ml) for 48h. The mixture was evaporated to leave 
an oil which was dissolved in the minimum amount of 
water and neutralised to pH7 with AG1 hydroxide resin. 
This mixture was placed on an AG1 acetate ion exchange 
resin column. Elution began with water (500ml), 
followed by 0.01M (500 ml), 0.05M (500 ml), 0.1M (500 
ml), and 0.5M ( 500 ml) aqueous acetic acid. 
Ninhydrin positive fractions of the 0.5M aqueous 
acetic acid eluate were evaporated to dryness to give 
a yellow oil. Crystallisation was achieved by 

dissolving the oil in the minimum amount of water and 
slowly dropping the resultant solution into vigorously 
stirred absolute alcohol. The solid was filtered 

under a dry nitrogen atmosphere and washed with 
anhydrous ether. It gave ( 2S )-2-amino-2-methyl-4- 

phosphonobutanoic acid as a white solid (0.586g, 39%). 

Example 4 

Synthesis of 

(2S) 2-amino-2-methylheptan-l, 7-dioic acid 



to room temperature. 



The solvent was removed in 



Under 



a 



dry 



nitrogen 



atmosphere , 
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(2R,5SR)-(-)- 2< 5-dihydro-3,6-dimethoxy-2-i S opropyl-5- 
methylpyrazine (0.5 ml, 2.5 mmol) was dissolved in THF 
(10 ml) and cooled to -78-C. A 2.5M solution of 
butyllithium in hexane (1.05 ml, 2.6 mmol) was 
injected slowly in to the reaction mixture, and 
stirred at this temperature for 40min. The reaction 
mixture was added dropwise via a double tip needle to 
a solution of copper bromide methylsulphide complex 
(0.26g. 1.25 mmol) in te trahydrof uran (10 ml) and 

dimethylsulphide (2 ml) at -7R°r T i, • , 

i iiu-j at - io c. The mixture was 

warmed to -30°r i-r» An»r> j 

ju c to -40 C and stirred for 30 min. 

methyl 5-Bromopentanoa te (0.54 ml, 3.75 mmol) in 

tetrahydrofuran (5 ml) was then added at -78'C. The 

reaction mixture was allowed to stir overnight at 

-78-C. Next day, the reaction was warmed to room 

temperature. The solvent was removed in vacuo and 

the residue partitioned between ether (2x100ml) and 

water (100ml). The combined ether layer was 

evaporated under reduced pressure to give a residue 

which was dissolved in 1M trif luoroace t ic acid in 

tetrahydrofuran (10 ml) and stirred overnight. Next 

day, the solvent was remove in vacuo, and the oily 

residue was heated under reflux in 6M hydrochloric 

25 acid for 24 hr. The reaction mixture was evaporated 

to dryness and the solid was put through an AG50 H+ 

ion exchange resin column. Elution began with water 

(500ml) followed by 7% pyridine solution (500ml). 

The pyridine solution was evaporated under reduced 

pressure to give an oil which was dissolved in the 

minimum amount of water and neutralised to pH7 with 

AG1 hydroxide resin. This mixture was placed on a 

AG1 acetate ion exchange resin column. Elution began 

with water (500ml). followed by 0.01M, 0.03M and 0.05M 

aqueous acetic acid. Ninhydrin positive fractions of 

the 0.05M acetic acid eluate were evaporated to 
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dryness. The crude compound was then crystallised 
from water to give (2S) 2-amino-2-methylheptan-l , 7- 
dioic acid (0.15g, 32%) as a white solid. 

5 

Example 5 
Synthesis of 

10 (RS)- -Methyl serine O-phosphate and (RS)- <x -Methyl 
serine O-phosphate monophenyl ester 

A mixture of ( RS ) -2 -( Benzyloxycarbonylamino ) - 
2- (hydroxymethyl) propanoic acid (lOg, 0.04 mol), p- 

15 toluenesulphonic acid (0.5g) and benzyl alcohol (20 
ml, 0.193 mol) in tetrachlorome thane (100 ml) was 
heated under reflux in a Dean-Stark apparatus until 
removal of water was complete. The solution was 
cooled, washed with a 20% aqueous solution of sodium 

20 hydrogen carbonate (2x50 ml) and water (3x50 ml). The 
organic layer was dried (MgSC>4) and the solvent 
removed in vacuo . The crude product was purified by 
flash silica gel chromatography. Elution with ethyl 
acetate/petroleum ether (20:80) gave ( RS ) -benzyl 2- 

25 ( benzyloxycarbonylamino ) -2- ( hydroxymethyl propionate 
(9.6g) as a pale yellow oil. 

To ( RS) -benzyl 2-( Denzyloxycarbonylamino-2- 
( hydroxymethyl propionate (1.93g, 5.63 mmol) dissolved 
in anhydrous pyridine (10 ml) and cooled to 10 °C, was 

30 added diphenyl chlorophosphate (1.4 ml, 6.75 mmol) 
slowly over a period, of 10 min . keeping the 
temperature below 40°C. Stirring was continued 
overnight at room temperature. Next day, water (0.5 
ml) was added to the solution and the mixture was 

35 stirred for lh. The reaction mixture was poured into 
a mixture of ice-water (100 ml) and ether (100 ml). 
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The organic layer was separated and washed with 4M 
aqueous sulphuric acid (2x50 ml), water (50 ml), 
saturated aqueous sodium hydrogen carbonate (50 ml) 
and water (100 ml). The ether layer was dried 
(MgS0 4 ) and evaporated in vacuo. it gave benzyl 
( RS ) -benzyl 2 - ( benzy loxy car bony lamino ) -2- 

(diphenylphosphonyloxy propionate (3.24g) as a clear 
oil. a mixture of benzyl (RS)-benzyl 2- 
( benzy loxy carbony lamino ) - 2 - ( diphenylphosphonyloxy ) 
propionate (3.24g) and 10% palladium on carbon (0.8g) 
in absolute ethanol ( 100 ml) was stirred under a 
hydrogen atmosphere until hydrogen uptake was 
complete. A warm mixture of water (50 ml) and acetic 
acid (50 ml) was added to the mixture, the resulting 
suspension filtered through a bed of celite and the 
celite washed with hot water (100 ml). The combined 
filtrates were evaporated under reduced pressure. The 
solid residue was taken up in acetic acid (50 ml) and 
water (10 ml), platinum dioxide (0.5g) was added and 
the mixture stirred under an atmosphere of hydrogen 
for 16h. The mixture was filtered through a bed of 
celite and the filtrate was evaporated under reduced 
pressure. Crystallisation of the crude product from 
25 water gave ( RS ) - ©< -methyl serine O-phosphate mono 
phenyl ester (1.4g, 90%) as a white solid. 

( RS ) - o< -methyl serine O-phosphate mono phenyl 
ester (1.4g, 5.1 mmol ) was dissolved in water (10 ml) 
and acetic acid (50 ml), platinum dioxide (0.5g) was 
added and the mixture stirred under an atmosphere of 
hydrogen for 20h. Crystallisation of the crude solid 
from water gave ( RS ) -©(-methyl serine O-phosphate 
(0.96g, 95%) as a white solid. 

35 



20 



30 



SUBSTITUTE SHEET (RULE 2$) 



WO 95/15940 PCT/GB94/02690 



10 



15 



25 



30 



35 



- 20 - 

Example 6 
Synthesis of 



( S) -2-Amino-2-methyl-4- ( phenylphosphino )butanoic acid 

Diethyl phenylphosphonite (5g, 25 mmol ) was 
dissolved in 1 , 2-dibromoethane (21.7 ml, 0.252 mol). 
The stirred mixture was heated to 150°C and the 
bromoethane so produced removed using a Dean-Stark 
apparatus. After bromoethane evolution had ceased 
excess 1 . 2-dibromoe thane was removed by distillation 
under reduced pressure to leave ethyl 2- 
(bromoethyl)phenylphosphinate (6.46g, 92%) as an oil. 

To a stirred solution of ( 2R, 5S ) - ( - ) -2 , 5- 
dihydro-3.6-diethoxy-2-isopropyl-5-methylpyrazine (2g, 
8.84 mmol) in anhydrous THF (10 ml) at -78 °C, under a 
dry nitrogen atmosphere, was added t-BuLi (5.7 ml, 9.7 
mmol) over a period of 20 min. Stirring was continued 
at -78°C for 20 min. a solution of ethyl 2- 
(bromoethyl)phenylphosphinate (2.44g, 8.84 mmol) in 
dry THF ( 5 ml ) was added and the mixture stirred at 
-78-C overnight. Next day, the solvent was removed 
under reduced pressure, the residue treated with a 1M 
solution of TFA in dry THF (10 ml) and the resulting 
solution allowed to stand overnight. Next day, the 
solvent was removed under reduced pressure, 6M aqueous 
HCi was added to the residue and the mixture heated 
under reflux overnight. The solution was cooled and 
extracted with ether (4x60 ml). The aqueous layer was 
separated and evaporated under reduced pressure. The 
residue was dissolved, in water and applied to a bed of 
AG 50H + ion exchange resin. Elution with water (500 
ml) and evaporation of the ninhydrin positive 
fractions gave a yellow-brown solid. The solid was 
dissolved in water (10 ml), the solution brought to P H 
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6-7 with IN aqueous sodium hydroxide and then applied 
to an AG1 acetate ion exchange resin column. Elution 
with water 0.01M acetic acid (200 ml), 0.05M acetic 
acid (100 ml), 0.1M acetic acid (100 ml), 0.5M acetic 
acid (100 ml), 1M acetic acid (500 ml) and evaporation 
of the ninhydrin positive fractions of the 1M acetic 
acid eluate gave a pale yellow solid. Crystallisation 
of the residue from water gave (S)-2-Amino 
2-methyl-4-(phenylphosphino)butanoic acid (0.799g, 
35%) as a white solid. 

Example 7 



Synthesis of ( 2R, 5S)-(+ )-2, 5-Dihydro-3, 6-diethoxy-2- 
isopropyl-5-benzyl-l, 4-pyrazine 

To a solution of ( 2R ) - ( + ) -2 , 5-Dihydro-3 , 6- 
diethoxy-2-isopropyl-l, 4-pyrazine ( lg, 4.7 mmol) in. 
THF (10 ml), under a dry nitrogen atmosphere, was 
added a 2.5 M solution of n-butyl lithium in hexane 
(1.96 ml, 4.9 mmol) at -78 °C and the mixture stirred 
for 10-15 min. Benzyl bromide (0.56 ml) in dry THF (5 
ml) was added and the mixture stirred overnight at 
25 -78 °C. After allowing the mixture to warm to room 
temperature the solvent was removed in vacuo and the 
crude product was flash chroma to graphed over silica 
gel. Elution with ether/petroleum ether 5/95 gave 
( 2R, 5S) -( + )-2 , 5-Dihydro-3 , 6-diethoxy-2-isopropyl-5- 
benzyl-1, 4-pyrazine (0.81g, 57%) as a pale yellow oil. 
Synthesis of ( R ) - 2 -amino- 2 -benzyl-4 -phosphonic 
acid 

To a solution of ( 2R, 5S ) -( + ) -2 , 5-Dihydro-3 , 6- 
diethoxy-2-isopropyl-5-benzyl-l, 4-pyrazine (lg, 
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3.3mmol) in dry THF (10 ml), under a dry nitrogen 
atmosphere was added a 1.7M solution of t-butyl 
lithium in hexane (1.95 ml, 3.3 mmol) at -78°C and the 
mixture stirred for 30 min. Diethyl 2- 

brornoethylphosphonate (0.6 ml, 3.3 mmol) in dry THF (5 
ml) was added and the mixture stirred overnight at 
•78 °C. After allowing the mixture to warm to room 
temperature the solvent was removed in vacuo and the 
crude product treated with a 1M solution of 
trif luoroacetic acid in dry THF (10 ml) and the 
mixture allowed to stand overnight. Next day, the 
solvent was evaporated under reduced pressure, 6M 
aqueous HC1 was added to the residue and the mixture 
heated under reflux overnight. Next day, the aqueous 
solution was extracted with ether (5x60 ml). The 
aqueous layer was separated and evaporated under 
reduced pressure. The residue was dissolved in water 
and applied to a bed of AG50H+ ion exchange resin. 
Elution with water (500 ml), followed by aqueous 
pyridine (500 ml) and evaporation of the ninhydrin 
positive fractions of the aqueous pyridine eluate gave 
a brown-yellow oil. The residue was dissolved in 
water (10 ml) and applied to a bed of AG1 acetate ion 
exchange resin. Elution with water (200 ml), followed 
by 0.01M acetic acid (200 ml), 0.05M acetic acid (200 
ml), 0.5M acetic acid (200 ml), 2M acetic acid and 
evaporation of the ninhydrin positive fractions of the 
2M acetic acid eluate gave a pale yellow solid. 
Crystallization from water gave 

( R)-2 -amino- 2-benzy 1-4 -phosphonic acid ( 0. 252g, 28% ) 
as a white solid. It should be noted that in this 
example the (2R,5S) form of the Schollkopf reagent 
exceptionally gives the R amino acid instead of the 
usual S amino acid^ 

The compounds of the invention have agonist, 
partial agonist or antagonist action at excitatory 
amino acid receptors in the central nervous system. 
There are several types of these receptors, some or 
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all of which are intimately involved in central 
nervous function. Three types of ionotropic 

excitatory amino acid receptors that have been 
described in the neuroscientif ic literature are known 
as N-methyl-D-aspartate ( NMDA ) , kainate (K) and 

-amino-3-hydroxy-5-methylisoxazole-4 -propionic acid 
(AMPA) and other types of excitatory amino acid 
receptors are also known, including metabotropic 
glutamate receptors. The NMDA, K and AMPA receptors, 
when activated, produce electrochemical changes in 
neurones which are important in transmission and 
metabotropic glutamate receptors additionally cause 
metabolic changes which are important in longer term 
changes in receptor function. Additionally, recent 
advances in molecular biology have revealed the 
existence of sub-types of the main groups of 
excitatory amino acid receptors described. 

The compounds of the invention have 
differential actions at these amino acid receptors. 
Compounds which act at amino acid receptors can affect 
the action of natural amino acid transmitter 
substances and thereby influence the electrical 
activity of the central nervous system. 

To evaluate the action of substances at amino 
acid receptors on nerve cells (neurones), the 
substances may be tested on spinal cord neurones, 
which have similar characteristics to nerve cells in 
the brain. Typically, the isolated spinal cord of 
the 1-5 day old rat is used, and compounds are tested 
for their ability to affect the activity of spinal 
neurones induced by amino acids or electrical 
stimulation of afferent fibres. The spinal cord is 
surgically removed from an anaesthetised rat and is 
longitudinally hemisected. a dorsal root is placed 
across a stimulating electrode and a ventral root 
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across a recording electrode. Recordings are made of 
the depolarization of motoneurones that are generated 
either by stimulating the corresponding dorsal root or 
by the action of excitatory amino acids (EAAs) added 
to the artificial physiological medium used to bathe 
the spinal cord. NMDA , kainate or AM PA may be used 
as the standard agonists for ionotropic EAA receptors 
of the NMDA, K. or AMPA types, and (1S,3R)-1- 
aminocyclopentane-l,3-dicarboxylate (ACPD) may be used 
as a standard agonist for a depolarizing type of 
metabotropic EAA receptor. L-2-Amino-4- 
phosphonobutyrate ( L-AP4 ) , ( IS, 3R) -ACPD. (1S.3S)-ACPD 
and (2S,3S,4S)- -( carboxycyclopropyl ) glycine (L-CCG-I) 
may be used as standard agonists for one or more 
type(s) of metabotropic EAA receptor which mediates 
depression of monosynaptic excitation of motoneurones 
following dorsal root stimulation. The ability of 
substances to antagonize motoneuronal depolarization 
induced by excitatory amino acids or to antagonize the 
depression of monosynaptic excitation of motoneurones 
induced by L-AP4 or by ( IS, 3R)-ACPD, ( ( IS , 3S ) -ACPD or 
L-CCG-I) can be assessed by measuring the IC 50 values 
of the substances producing such antagonism. Tables 
5 and 7 show the activity of some invention compounds 
on motoneurones of the neonatal rat spinal cord. 

It has been shown tnat some substances that 
interact with sub-types of metabotropic glutamate 
receptors which are coupled to the activity of 
adenylcyclase may antagonize the ability of agonists 
of these receptors to depress cyclic adenosine 
monophosphate (cyclic AMP), synthesis. Accordingly we 
show that certain examples of the invention antagonize 
the ability of L-2-amino-4-phosphonobutyrate (L-AP4) 
and L-CCG-I to depress forskolin-stimulated cyclic AMP 
production in rat cerebral cortical tissue (Table 6). 
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Table 7 Antagonism by a-alkyl amino acids of L-AP4- and (1 S,3S)-ACPD-induced 
depression of monosynaptic excitation of neonatal rat motoneurones. 



COMPOUND 


RELATIVE POTENCY 1 VERSUS 
L-AP4 (1S,3S)-ACPD 


9 
10 


0.80 2.30 
1.00 0.50 



1) Relative potencies for a-methyl serine-O-phosphate derivatives, where the known 
metabotropic glutamate antagonist, (±)-a-methyl-4-carboxyphenylglycine (see Kemp et al , 
1994)= 1, and the smaller the value, the more potent the compound. All antagonists were 
screened at 200^M. 



REFERENCES 

Kemp, M., Roberts, P. J., Pook, P. C-K., Jane, D. E., Jones, A. W., Jones, P. L. St-John, 
Sunter, D. C, Udvarhelyi, P. M. and Watkins, J. C. (1994) Antagonism of presynaptically 
mediated depressant responses and cyclic AMP-coupled metabotropic glutamate receptors. 
Eur.J.Pharmacol.-Molec. Pharm. Sect., 266, 187-192 

Jane, D. E., Jones, P. L. St-John, Pook, P. C-K., Tse H-W and Watkins, J. C. (1994) 
Actions of two new antagonists showing selectivity for different sub-types of metabotropic 
glutamate receptor in the neonatal rat spinal cord. Br.J.Pharmacol., 112, 809-816. 
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CLAIMS 
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1- Compound of formula I 



B 



R 

Q 



wherein: Y is selected from cerboxy. phosphono, 
-P0 2 H(ORl3 )f phosphinico, -P0 2 H(r13), -OP0 3 H 2 , -OP0 2 H 
(OR13, t arsono, -As0 2 H(ORl3) , arsinico, -As0 2 H( r13) , 
sulpho. sulphino, sulpheno, OS0 3 H, tetrazolyl, 3- 
hydroxy isoxazole , 1.2.4 -oxadiazolidin-3 , 5-dione and 
hydantoin where R 13 is Cl to C( . alkyl< C2 tQ Cg 
alkenyl. c 2 to C 6 alkynyl. C 3 to C 8 cycloalkyl or 
optionally substituted aryl or aralkyl; 
B is selected from C x to C 8 alkylene. C 3 to C 8 
cycloalkylene. C 2 to C 8 alkenylene and C 2 to C 8 
alkynylene optionally chain substituted and optionally 
substituted on the chain; 

Q is selected from carboxy. c x to C 6 alkoxycarbonyl 
and hydroxamic acid; 

R 10 is selected from CjL to C 6 alkyl, c 2 to C 6 alkenyl. 
C2 to C 6 alkynyl, C 3 to C 8 cycloalkyl . haloalkyl 
and optionally substituted aryl.aralkyl or biaryl; and 
R 11 and Rl2 are the same or different and are selected 
from hydrogen. C x to C 6 alkyl. C 2 to C 6 alkenyl, C 2 to 
C 6 alkynyl, C x to C 6 acyl and optionally substituted 
benzoyl , 

two Of Y. Q, RlO, K ll # Ri2 and substituents on B 

being optionally condensed with each other to form a 
carbocyclic or heterocyclic ring system, and 
pharmaceutical^ acceptable salts thereof. 
2. Compound as claimed in claim 1, wherein B is C x to 
C 8 alkylene or C 3 to C 8 cycloalkylene. 
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3. Compound as claimed in claim 1, or claim 2, 
wherein Y is carboxy, phosphono, -P0 2 H(OR 13 ), 
phosphinico, -P0 2 H(r13), - 0 P0 3 H 2 or -OP0 2 H( OR 13 ) . 

4. Compound as claimed in claim 1 or claim 2 wherein Y 
is phosphono, -P0 2 H(OR 13 ), -OP0 2 H(OR 13 ) or 
As0 2 H(OR 13 ). 

5. Compound as claimed in any one of claims 1 to 4 , 
wherein Q is carboxy. 

6. Compound as claimed in any one of claims 1 to 5, 
wherein R 10 is Ci to Cg alkyl, or benzyl. 

7. Compound as claimed in any one of claims 1 to 6, 
wherein R 1 * and R 12 are both hydrogen. 

8. Compound as claimed in any one of claims 1 to 7 , 
which is radiolabelled. 

9. Compound as claimed in claim 8, wherein the 
radiolabelling comprises substitution of a hydrogen 
atom by tritium or a radioisotope of iodine. 

10. Compound as claimed in any one of claims 1 to 9 
bound to an affinity chromatography support, 
optionally via a spacer arm, for use in the isolation 
of receptors from central nervous tissue. 

11. Pharmaceutical composition comprising a compound 
of any one of claims 1 to 7 and a pharmaceutical^ 
acceptable diluent or carrier. 

25 12 ' Process for preparing a compound of formula I, as 
defined in claim 1, comprising the reaction of a 
compound of formula L-B-Y with a compound of formula 
r10- A , 

L is a leaving group; 

3 0 A is a synthetic equivalent of 0C( NH 2 ) ( COOH) ; 

and 

B, Y and R 10 are as defined in claim 1, in a 
suitable solvent for the reaction. 

13. Process as claimed in claim 12, wherein L is 
35 selected from halo, para -toluenesulphonvloxy . acetoxy, 
sulphate, methanesulphonyloxy and benzenesulphonyloxy . 



20 
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14. Process as claimed in claim 13, wherein A is 



10 



15 



20 



or °^^_ ph formed by 



25 



COPh 

where R=C 1 to C 6 alkyl or benzyl 

deprotonation of the corresponding protonated 
compounds . 

15. Process as claimed in claim 14, wherein the adduct 
formed by the reaction of L-B-Y and R*0_ A is 
optionally purified and subjected to acid hydrolysis 
to form the compound of formula I. 

16. Process for preparing a compound of formula I, as 
defined in claim 1, comprising the reaction of a 
compound of formula (Y-B-)CORlO with a compound of 
formula R 11 R 1 2nh 2 + X~ , wherein: 

X is an anion; and 

Y,B,RlO <R ll and R 12 are as defined in c i aim lf 

in the presence of a cyanide salt in a suitable 
solvent for the reaction. 
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